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© A method for treating fruit |ulce with high pressure. 

© A method for treating fruit juice with high pres- 
sure having a step for compressing the fruit juice 
with high pressure in excess of 2,000 atm., wherein 
a step for adding a proteolytic enzyme particularly a 
proteolytic enzyme active in an acid precedes the 
high pressure sterilization process. 



Fig. 1 



t 

M 

t 

D 
O 
t 



L 
U 




Rank Xerox (UK) Business Services 



EP 0 480 422 A2 



FIELD OF THE INVENTION 

This Invention relates to a method for treating 
fruit juice containing pectin and pectin decompos- 
ing enzymes with high pressure, the method being 
effective to remove drawbacks wherein natural fruit 
juice is dissolved into precipitation and limpid juice. 

BACKGROUND OF THE INVENTION 

The juice of various fruits e.g. citrus fruits, 
apples, peaches and the like is used for a bev- 
erage or for a sarcocarp beverage, and the juice of 
citrus fruits e.g. citrus junos, citrus sphaerocarpa, 
citrus limon and the like is used for seasoning. The 
juice of these fruits is generally used for the fresh 
juice in the form of a suspension containing fine 
fibrous elements of the fruits or under the as- 
extracted condition, though it is sometimes used 
for limpid juice after the fine fibrous elements of 
the fruits is removed therefrom. 

Since the as-extracted natural fruit juice con- 
tains not only the aforementioned fine fibrous ele- 
ments of the fruits but also pectin and pectin 
decomposing enzymes, the fine fibrous elements 
of the fruits are combined with one another due to 
the function of pectin and form a colloidal suspen- 
sion. On the other hand, since the as-extracted 
natural fruit juice contains pectin decomposing en- 
zymes, e.g. pectin esterase, poly galacturonase et 
a!., pectin is gradually decomposed and therefore 
becomes deactive. Following the progress of this 
reaction, the colloidal suspension is dissolved into 
precipitation of the fine fibrous elements of fruits 
and limpid juice. Incidentally, putrefaction occurrs 
due to the function of microorganisms e.g. molds, 
yeasts or the like. Therefore, the natural fruit juice 
can not be stored for a long time. 

For the purpose to enable the natural fruit juice 
to be stored for a long time, a sterilization process 
which is conducted at approximately 90 degrees C 
has been used. In other words, the heating ster- 
ilization process has been conducted for two pur- 
poses, including extinction of the microorganisms 
which cause putrefaction and deactivation of the 
pectin decomposing enzymes which are effective 
to keep the natural juice in a colloidal situation 
which is produced by combining fine fibrous ele- 
ments of the fruits with one another, employing the 
function of pectin, thereby preventing the colloidal 
juice from being dissolved into precipitation and 
limpid juice. This heating sterilization process, how- 
ever, requires a long time for transmitting heat and 
is involved with drawbacks wherein the nutritious 
elements are destroyed, the aromatic elements are 
dispersed, and the color and the taste are deterio- 
rated due to heating with high temperature, thereby 
in combination deteriorating the quality of the natu- 



ral juice. 

For the purpose to remove the drawbacks of 
the heating sterilization process which inevitably 
deteriorates the quality of the natural juice, a high 
5 pressure sterilization process was developed, and 
various results of the experiments of the high pres- 
sure sterilization process wherein the natural juice 
is compressed with high pressure in excess of 
1,000 atm. are published in e.g. "Nippon 
w Nogeikagaku Kaishi (The Journal of the Japanese 
Association of Agricultural Chemistry)", Vol. 63, No. 
6 (1989). According to these articles, the microor- 
ganisms including molds and yeasts which can 
propagate and can be a cause of putrefaction, are 
15 entirely killed by being compressed with high pres- 
sure of 2,000 atm. for 10 minutes, provided the 
high pressure process is conducted for the acidic 
natural juice of citrus fruits of which the pH value 
does not exceed 4.5. 
20 The technology is publicly known wherein en- 

zymes are added to foodstuffs. For example, some 
of the aforementioned pectin decomposing en- 
zymes have been employed for dissolving the fruit 
juice into fine fibrous elements of the fruits and 
25 limpid juice. Amylase and cellulase have been em- 
ployed to decrease the molecular weight of the 
polysaccharides (for saccharification or decomposi- 
tion of the polysaccharide to convert them into 
sugar). Proteolytic enzymes have been employed 
30 to prevent the alcoholic liquors from clouding, to 
soften meat, or to solidify cheese. Proteolytic en- 
zymes have seldom been employed to dissolve or 
deactivate an enzyme which is a type of protein. 

35 SUMMARY OF THE INVENTION 

A high pressure sterilization method was re- 
cently developed to enable the natural juice to be 
stored for a long time. This high pressure steriliza- 

40 tion method is free from the aforementioned 
drawbacks in which the quality of natural juice is 
deteriorated and which are inevitable for a heating 
sterilization method, such drawbacks including de- 
struction of the nutritious elements, dispersion of 

45 aromatic elements and deterioration of the color 
and the taste of the sterilized juice. The published 
results of experiments regarding the high pressure 
sterilization method indicate that the microorgan- 
isms including molds and yeasts which can propa- 

50 gate and can be causes of putrefaction, are entirely 
killed by being compressed with high pressure of 
2,000 atm. for 10 minutes, provided the high pres- 
sure process is conducted for the acidic natural 
juice of citrus fruits of which the pH value does not 

55 exceed 4.5. Although the bacteria, the spores and 
the like can not be killed by the high pressure 
sterilization process conducted with high pressure 
of 2,000 atm. for approximately 10 minutes, since 
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the bacteria, the spores and the like can not propa- 
gate in the acidic juice of which the pH value does 
not exceed 4.5, the natural juice treated with a high 
pressure sterilization process does not allow pu- 
trefaction to occur therein and is allowed to be 
stored for a long time. 

The pectin decomposing enzymes contained in 
the natural juice, however, are not deactivated by a 
high pressure sterilization process, even if the 
pressure is as high as 6,000 atm. and the steriliza- 
tion period is as long as 30 minutes. Thus, pectin 
contained in the natural juice remains active even 
after the juice was treated with a high pressure 
sterilization process and dissolves the colloidal 
juice into precipitation of the fibrous elements of 
fruits and limpid juice, resultantly remaining the 
drawbacks unremoved by the high pressure ster- 
ilization process. 

Accordingly, the object of this invention is to 
provide a method for treating fruit juice with high 
pressure, which method is effective to kill the mi- 
croorganisms e.g. molds, yeasts and the like and 
also to dissolve the pectin decomposing enzymes, 
resultantly maintaining the natural juice which has 
been treated with the method as a colloidal sus- 
pension in which fibrous elements are combined 
with one another due to the function of pectin and 
preventing the natural juice from being dissolved 
into precipitation and limpid juice. 

To achieve the aforementioned object, a meth- 
od for treating fruit juice with high pressure in 
accordance with this invention has a step for add- 
ing proteolytic enzyme particularly that which is 
active in an acidic environment, into natural fruit 
juice containing pectin and at least a pectin de- 
composing enzyme, and a step for compressing 
the natural fruit juice with high pressure in excess 
of 2,000 atm., thereby killing the microorganisms 
e.g. molds, yeasts and the like and also decompos- 
ing and deactivating the pectin decomposing en- 
zyme which is a protein, resultantly remaining the 
colloidal juice undissolved into fibrous elements of 
a fruit and limpid juice and preventing the as- 
extracted juice from being dissolved into fibrous 
elements of a fruit and limpid juice. 

The method for treating fruit juice with high 
pressure of this invention is allowed to be applied 
for sterilizing any juice of citrus fruits, apples, 
peaches or the like of which the pH value is 2.0 
through 5.0, since any of the natural juice of these 
fruits contains pectin and at least one pectin de- 
composing enzymes. In other words, a colloidal 
suspension, a combination of fibrous elements of 
the aforementioned fruits and pectin, is allowed to 
be treated by the method for treating fruit juice with 
high pressure of this invention, regardless the natu- 
ral juice is as-extracted 100% juice, condensed 
juice, diluted juice, or juice commingled with sugar 



or some organic acids. 

Since the pH value of most natural juice 
spreads 2.0 through 5.0, one or more proteolytic 
enzymes (each of which is called an acidic prot- 
s ease) which are active in an acid, e.g. cathepsin D, 
rennin and the like is or are added to pectin de- 
composing enzymes for the purpose to deactivate 
the pectin decomposing enzymes which are pro- 
teins, e.g. pectin esterase and polygalacturonase. 
10 The quantity of the aforementioned proteolytic 

enzyme to be added is required to be the quantity 
sufficient to decompose the aforementioned pectin 
decomposing enzyme with a high pressure ster- 
ilization process with 2,000 atm. It is needless to 
75 refer to that the quantity of the aforementioned 
proteolytic enzyme to be added can be selected 
commensurate to the power or capacity to deacti- 
vate the proteolytic enzyme employed and to the 
concentration of the pectin decomposing enzymes 
20 contained in the natural juice to be sterilizated. 

The proteolytic enzyme which is active in an 
acid is allowed to be added to the natural juice any 
time before the natural juice is treated with high 
pressure in excess of 2,000 atm., provided the 
25 natural juice is a colloidal suspension. In other 
words, the proteolytic enzyme is allowed to be 
added to the natural juice immediately after being 
extracted, after being condensed, after being dilut- 
ed or after being added with sugar or an organic 
30 acid. The quantity of the proteolytic enzyme to be 
added is required to be sufficient to deactivate the 
entire quantity of the pectin decomposing en- 
zymes. The proteolytic enzyme which is active in 
an acid can be added even after the natural juice 
35 was applied with a high pressure sterilization pro- 
cess which is conducted with high pressure in 
excess of 2,000 atm., and this is more advanta- 
geous from the viewpoints of the activity of the 
proteolytic enzymes. However, since it is difficult to 
40 acquire a proteolytic enzyme which does not con- 
tain microorganisms e.g. molds and/or yeasts (In 
the case of a heating sterilization process, a prot- 
eolytic enzyme is also deactivated.), and also since 
it is difficult to add a proteolytic enzyme to the 
45 natural juice, after the juice is packed in a sealed 
package, a proteolytic enzyme is required to be 
added to the natural juice, before a high pressure 
sterilization process is applied. 

Fig. 1 illustrates an example of a compression 
50 vessel in which a high pressure sterilization pro- 
cess can be conducted. The compression vessel 
contains a pressure resisting container (11) sur- 
rounded by a water jacket (17) which is supplied 
water through a water tube (14), a pressure resist- 
55 ing top closure (16), and a piston (12) which is 
operated by hydraulic pressure which occurrs in a 
hydraulic cylinder (13) to which a compressed oil is 
supplied from a high pressure oil pump (not 
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shown) through a compressed oil supply tube (15). 
When a high pressure sterilization process is con- 
ducted, employing the aforementioned compres- 
sion vessel, the natural juice is sealed in a high 
pressure chamber (2). If preferable, the natural 
juice is packed in one or more packages, and the 
one or more packages, together with water which 
acts as a pressure transmission medium, is or are 
sealed in a high pressure chamber (2). Then, high 
pressure of 2,000 through 10,000 atm. is applied to 
the aforementioned natural juice by employing the 
aforementioned hydraulic system. 

The applied pressure and the pressure applica- 
tion period are determined, following the nature of 
the microorganism to be killed, and the applied 
pressure is usually selected between 2,000 through 
7,000 atm. and the pressure application period is 
usually selected between 5 through 120 minutes. 
The applied pressure and the pressure application 
period can be decreased, if the natural juice or the 
pressure medium water is heated within the extent 
in which the heating does not deteriorate the qual- 
ity of the processed natural juice, and if the tem- 
perature of the juice is controlled by employing the 
water jacket (17), during the period in which the 
high pressure sterilization process is applied to the 
natural juice. However, since a high pressure ster- 
ilization process to be conducted with 2,000 
through 5,000 atm. for 5 through 30 minutes is 
sufficient to kill the microorganisms e.g. the molds, 
the yeasts which can propagate in an acid whose 
pH value is 2.0 through 5.0, and since a high 
pressure sterilization process to be conducted with 
high temperature in excess of 2,000 atm. is in- 
clined to deteriorate the activity of the proteolytic 
enzyme which is active in an acid, a high pressure 
sterilization process to be conducted under the 
normal temperature is more preferable. 

During the period in which a high pressure 
sterilization process is conducted, the natural juice 
to be sterilizated is allowed to be sealed in a 
package which is soft and easy to transmit tem- 
perature. The natural juice to be sterilizated is 
allowed to be packed in a package, for example, a 
pouch made of a soft plastic film, a box made of 
hard paper, a cup made of a hard plastic or paper 
film, before it is sealed, without remaining air there- 
in. Since no air is remained in the package, the 
package wall receives the uniform pressure on the 
whole sides thereof. Therefore, the package wall 
made of a soft material is not broken even under 
extreme high pressure in excess of 2,000 atm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more detailed description will be presented 
below to more clarify the feature of the method for 
treating fruit juice with high pressure, referring the 



drawing itemized below : 

Fig. 1 is a schematic drawing of a compression 
vessel employable for a high pressure steriliza- 
tion process to be conducted with pressure in 
5 excess of 2,000 atm., in accordance with this 
invention. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

70 

As-extracted 100% orange juice which con- 
tained pectin and at least a pectin decomposing 
enzyme and of which the pH value was 3.8, was 
added with respectively 1mg/rnl, 5mg/ml and 
is 10mg/ml of pepsine (a proteolytic enzyme active in 
an acid having the optimum pH value of 2 and the 
activity of 10 FlP-U/mg) and prepared three in- 
dependent specimens. Each of these three inde- 
pendent specimens was split into three indepen- 
20 dent plastic pouches having the volume of 10 milli 
liters, and the pouches were sealed, paying atten- 
tion not to remain air in the pouches. In this man- 
ner nine specimens were prepared. These nine 
specimens were added with lOVml of baker's yeast 
25 to make sure the results of this invention. Each 
specimen was left alone at the normal temperature 
for 1 hour, before a high pressure sterilization pro- 
cess was conducted at 20 degrees C with 4,000 
atm. for 10 minutes. After the high pressure ster- 
30 ilization process was finished, each specimen was 
left alone for three days. 

For the purpose of comparison, the as-extract- 
ed 100% orange juice was added with 10mg/ml 
each of papain (a proteolytic enzyme active under 
35 neutral situation having the optimum pH value of 7 
through 8 and the activity of 3,000 VSP-U/mg) or of 
o-chymotrypsin (a proteolytic enzyme active under 
neutral situation having the optimum pH value of 7 
through 8 and the activity of 1,530 U/mg) and with 
40 lO^/ml of baker's yeast to prepare two specimen 
for comparison. Further, the as-extracted 100% or- 
ange juice was added with 10 3 /ml of baker's yeast 
alone to prepare the third comparison specimen. 
Each of these three comparison specimens was 
45 split into three plastic pouches each of which has 
the volume of 10 milli liters. After being left alone 
at the normal temerature for 1 hour, a high pres- 
sure sterilization process was conducted at 20 de- 
grees C with 4,000 atm. for 10 minutes, employing 
50 the compression cylinder illustrated in Fig. 1 . After 
the high pressure sterilization process was finished, 
each specimen was left alone for three days. 

Visual tests and tasting tests were applied to 9 
specimens of the embodiments (3 pouches of 3 
55 independent embodiments) and to 9 comparison 
specimens (3 pouches of 3 independent compari- 
son specimens). 

As a result, the specimens to which 10mg/ml of 
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proteolytic enzyme active in an acid was added, 
were entirely maintained undeteriorated and all of 
them remained as colloidal suspensions having 
good flavor and taste. 

On the other hand, however, two of three 
specimens to which 5mg/ml of proteolytic enzyme 
active in an acid was added, were entirely main- 
tained undeteriorated and all of them remained as 
colloidal suspensions having good flavor and taste. 
However, one of them was slightly dissolved into 
precipitation and limpid juice. This indicates the 
quantity of proteolytic enzyme added to the natural 
juice was assumedly critical. 

Thirdly, all of the species to which img/ml of 
proteolytic enzyme active in an acid was added, 
were slightly dissolved into precipitation and limpid 
juice. This indicates the quantity of proteolytic en- 
zyme added to the natural juice was insufficient. 

The results of visual tests applied to the nine 
comparison specimens indicate that all of them 
were dissolved into fibrous precipitation and limpid 
juice. This indicates that a proteolytic enzyme ac- 
tive under the neutral situation does not decom- 
pose the pectin decomposing enzymes in an acid 
of which the pH value is 3.8, and pectin decompos- 
ing enzymes remain active, even after a high pres- 
sure sterilization process was conducted. Particu- 
larly, the results of visual tests applied to the 
comparison specimens to which no proteolytic en- 
zyme was added, indicates that a high pressure 
sterilization process conducted at 20 degrees C 
with 4,000 atm. for 10 minutes is ineffective to 
decompose the pectin decomposing enzymes to 
cause it to be deactive. 

The results for three specimens of embodi- 
ments and three specimens of comparison speci- 
mens indicate that the baker f s yeast did not cause 
putrefaction at all. The results of the tasting tests 
indicate that the color, the taste and the fragrance 
of the as-extracted 100% orange juice is main- 
tained. This indicates the results of a high pressure 
sterilization process are satisfactory. Regarding the 
one-hour period in which the specimens were left 
alone after being sealed and the three-day period 
in which the specimens were left alone after the 
high pressure sterilization process was conducted, 
the inventors of this invention are aware that those 
periods cause little influence towards the results of 
the aforementioned visual tests and tasting tests. 

The foregoing description has clarified that the 
high pressure sterilization process in accordance 
with this invention is effective to kill the microor- 
ganisms e.g. molds, yeasts and the like which 
cause putrefaction and also to dissolve and to 
deactivate the pectin decomposing enzymes, resul- 
tantly maintaining the natural juice as a colloidal 
suspension in which fibrous elements are com- 
bined with one another due to the function of pectin 



and preventing the natural juice from dissolving 
into precipitation and limpid juice. 

The high pressure sterilization method in ac- 
cordance with this invention is a sterilization pro- 

5 cess applicable to the natural juice which is re- 
quired to be stored for a long time, the sterilization 
process being free from the drawbacks which are 
inevitable for the heating sterilization process avail- 
able in the prior art, including destruction of nutri- 

vo tious elements, dispersion of flavor and/or deterio- 
ration of color and/or taste or the like. As the 
results, the method for treating fruit juice with high 
pressure in accordance with this invention is al- 
lowed to be employed to treat the natural juice for 

15 the purpose to store it for a long time in the as- 
extracted situation in which fine fibrous elements 
are suspended as a colloid combined with one 
another due to the funtion of pectin. 

Although this invention has been described 

20 with reference to specific embodiments, this does 
not mean to be construed in a limiting sense. 
Various other embodiments and/or modifications of 
this invention will become apparent to persons 
skilled in the art upon reference to the description 

25 of this invention. It is therefore contemplated that 
claims will cover any such embodiments and/or 
modifications as fall within the true scope of this 
invention. 

30 Claims 

1. Sterilization method for treating fruit juice com- 
prising the steps of 

a. adding a proteolytic enzym into natural 
35 fruit juice containing pectin and at least a 

pectin decomposing enzyme, and 

b. compressing said natural fruit juice with 
high pressure in excess of 2000 atm (200 
MPa). 

40 

2. Method according to claim 1, characterized in 
that said proteolytic enzyme is active in an 
acidic environment 

45 3. Method according to claim 1 or 2, character- 
ized in that the pH-value of the acidic environ- 
ment does not exceed 4.5. 

4. Method according to any of claims 1 to 3, 
50 characterized in that compressing is carried 

out at least for 5 to 120 min., preferably for 10 
to 30 min. 

5. Method according to any of claims 1 to 4, 
55 characterized in that compressing is carried 

out in the range between 2000 to 10000 atm 
(200 to 1000 MPa), and preferably between 
2000 and 6000 atm (200 and 600 MPa). 
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6. Method according to any of claims 1 to 5, 
characterized in that the pH-value is in the 
range of between 2.0 to 4.5. 

7. Method according to claim 6, characterized in 5 
that one or more proteolytic enzymes are ad- 
ded in an amount sufficient to decompose the 
pectine decomposing enzymes in order to de- 
activate the pectine decomposing enzymes. 

10 

8. Method according to claim 7, characterized in 
that the proteolytic enzyme is an acidic prot- 
ease, e.g. cathepsin D, rennin, and/or papaine. 

9. Method according to any of claims 1 to 8, is 
characterized in that the proteolytic enzyme is 
added to the natural juice before the high 
pressure sterilization process. 

10. Method according to any of claims 1 to 9, 20 
characterized in that the natural juice to be 
sterilized is sealed in a package which is soft 

and easy to transmit temperature. 

11. Method according to claim 10, characterized in 25 
that the package is made of a plastic film, hard 
paper, hard plastic and/or a paper film. 

12 Method according to any of claims 1 to 11, 

characterized in that the sterilization process is 30 
carried out at a temperature of between 20 to 
90 • C, and preferably at about 20 • C. 
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Fig. 1 




